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The effects of imidazole derivatives on the oxidation of hnoleic (or arachidonic) acid by soybean lipoxyge- 
nase was studied. Carbimazole (at the concentrations employed) was found to have an effect on the reaction. 
The initial reaction velocity, the maximum velocity and the affinity constant were all modified. These results 
suggest hat carbimazole exerts actions both on the affinity of the enzyme for the substrate and on the final 
product of the reaction. Carbimazole has the highest electron donating potential and, at the doses used, 
was the most active of the three compounds tested. The other derivatives were found to have similar but 
much slower actions on enzyme activity. Such compounds, which are often used in thyroid disorders, could 
also act on polyunsaturated fatty acid metabolism and so could provoke secondary effects. 
1, INTRODUCTION 
Lipoxygenases catalyse the oxidation of un- 
saturated fatty acids containing a 1,4-c&@-penta- 
diene structure such as linoleic and arachidonic 
acid [l] to form hydroperoxides with a conjugated 
h-tram double bond structure [2,3]. Smith and 
Lands [4] have shown that the enzymatic activity 
of soybean lipoxygenase drops during the reaction 
according to a first order rate law. This rate of in- 
activation has a characteristic value for each fatty 
acid. Moreover, the hydroperoxides uppressed the 
lag period of these oxidative enzymes [5,6]. In 
biological tissues, these hydroperoxides are 
metabolized by various routes which may be en- 
zymatic [7-91 or non-enzymatic. Heat, metal ions 
and metallo-proteins all play a role in these com- 
plex reactions [ IOJ. Various substances uch as cys- 
teine, GSH, iodide and lipoic acid can reduce the 
hydroperoxides to hydroxylated derivatives. Here 
we report the action of imidazole derivatives on the 
enzymatic oxidation of unsaturated fatty acids. 
Lipoxygenase I~ida~o~e d rivative 
2, MATERIALS AND METHODS 
2.1. Materials 
Soybean lipoxygenase type I, linoleic and 
arachidonic acids were purchased from Sigma. 
Carbethoxythio-1-methylglyoxaline (carbimazole) 
is a product of Aspro-Nicholas Pharmaceuticals. 
~-Methylimid~ole was obtained from Fluka 
(product no. 67560) and 2-(1,2,3,4-tetrahydro-f- 
naphtbyl)-A2-imid~oline (tetrahydrozoline) from 
Sigma (product no. 4264). 
Absorption spectra were measured in a double 
beam Perkin-Elmer Lambda 5 UV-VIS spectro- 
photometer fitted with a Peltier effect thermostat- 
ted sample holder. Absorbance was analysed with 
a Hewlett Packard 85 microcomputer. 
The thin layer silica gel plates (60F 254) were 
purchased from Merck. 
Soybean lipoxygenase activity was measured 
sp~trophotom~tricalIy from the increase in ab- 
sorption at 234 nm due to the formation of the 
conjugated diene hydroperoxide from either 
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hnoleic or arach~donic acid at pH 7.4 [E (molar) = 
23000 M-‘cm-‘]. 
The reaction medium contained various concen- 
trations of dispersed substrate (SO-300 PM) in 3 ml 
sodium phosphate buffer (pH 7.4; 0.05 M). After 
incubating at 20°C for 5 min, 10 pg (1235 units) of 
soybean lipoxygenase was added to initiate the 
reaction. 
The compounds were dissolved in distilled water 
and used at concentrations from 2,7 to 2700 nM in 
the reaction medium. They were incubated for 
5 min with the substrate, before adding the en- 
zyme. For controls an identical volume of distilled 
water was used under the same conditions. 
The HP 85 microcomputer calculated the values 
for initial reaction velocity. The amount of prod- 
uct formed [P = (absorbance x 2.303)/23000] is 
given by the kinetic equation (saturation function) 
P = A(1 - e-“‘1. A curve-fitting program calculat- 
ed the parameters A and (Y. 
The Merck thin layer silica gef plates were 
treated by an ‘in situ’ chemical reaction with alkyl 
chlorosiianes as described [l I, L 21. These treated 
pfates were able to separate the hydroperoxides 
from the hydroxylated derivatives, and could also 
separate out the hydroperoxide or hydroxylated 
isomers depending on the position of the hydroxyl 
group on the carbon chain (5,8,9,11,12,15- 
hydroxyeicosatetraenoic acids). 
3. RESULTS 
The rate of formation of P at any time is the dif- Absorbance was recorded every 5 s after the first 
ferential of the above equation and is given by 15 s for 1 min, then every 15 s up to 2 min and 
Arre-“’ . For t = 0, the initial velocity is ACY. For the 
same concentration of enzyme, CY is constant and 
the initial velocity (Vi) is a function of A only, 
which depends on the substrate concentration 
(fig.1). For a given substrate concentration, A re- 
mains constant and vi is a function of a, which 
depends on enzyme concentration (fig.2). 
2.4. Chromatography 
1 2 3 4 t tmtn, 
I5g.l. Change in initial reaction velocity as a function of substrate con~entrat~oo (37 nM soybean iipoxygenase). 
LinaXeic acid (curves): 38 fi); 75 (2); 107 (3); 138 (4); 167 (5); 231 (6); 286 (7); 343 (8); 400 (9); 457 (IO); 572 ,&l (11). 
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w?i$J. Change in initial reaction velocity 88 o function of enzyme cancr?ntratlam (120 pM linoleic acid). Soybean l@ox- 
ygenase (curvas): 37 (1); 74 (2); 111 (3); 148 (4); 185 nM (5). 
every 30 s up to 5 min. From these values, the tively. The substrate (Iinokic acid) ccvncentration 
computer using a specially developed ~~~r~rn pro- in phosphate! buffer varied between 50 and 
duced a curve of the reaction course, and 300 p&L A% thw ~o~~~trat~ons thelag period was 
~~~~~~t~ the i&tial react&a v&&y~ fess than 5 s, 
Table E. gives the vakes of inki& ~~~~~~ for dif- 
ferent ~o~~~tra~o~s of Enoleic acid and vati~x.~s 
~o~~tr~tio~s of carbimazok, The enzyme con- 
centration was fixed at 0.037 p‘nll, To determine 
the kinetic parameters V,,, Km, WWs coefficient) 
the molar concentrations of enxymk: and carb- 
imaaola were fixed at 0.037 PM and 27 nM, respec- 
Table 2 
Action of carbimazole on the Michaelis ~orr~tant .I&, the 
maximum reaction velocity V,,, and Hill’s coefficient of 
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These results suggest hat carbimazole has an ac- 
tivating action on the enzyme. K, was reduced and 
Hill’s coefficient was unchanged. It would appear 
that carbimazole has an effect on the affinity of 
the enzyme for the substrate. The percent activa- 
tion, measured by the change of initial velocity 
both with and without a given amount of carb- 
imazole, varied inversely with substrate concentra- 
tion (fig.3). 
For the same concentration of substrate, the 
degree of activation of the reaction was directly 
dependent on the amount of carbimazole added 
(fig.4). The amount of carbimazole which led to a 
50% activation at a given enzyme concentration 
varied with substrate concentration (fig.4). 
The other compounds tested (N-methyl- 
imidazole and tetrahydrazoline) had smaller and 
non-significant effects on the reaction kinetics. 
3.2. Spectroscopic data on imidazole derivatives 
The spectrum of carbimazole changed during 
the reaction, with a progressive reduction in the 
I- 
O 
50 100 150 200 b 
Es] IJ M 
Fig.3. Percent activation of initial reaction velocity by 
carbimazole (27 nM) as a function of substrate concen- 
tration (50-200 pM linoleic acid). 
/ 
[S] = 60 IJM 
w 
LOS D Cc1 Mb 
2.7 27 270 2700 27000 D (PM, 
Fig.4. Percent activation of initial reaction velocity with increasing concentrations of carbimazole (2.7-27000 pM) at 
different concentrations of linoleic acid (60, 90 and 120pM). 
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290,226 and 1% nm peaks and the appearance of 
a new peak at 210 nm. 
This change was observed immediately when 
carbimazole was added towards the end of the en- 
zymatic reaction, i.e. when the hydroperoxide con- 
centration was high. To test whether the com- 
pound was in fact being oxidized, the spectrum 
was measured in the presence of hypochlorite 
(carbimazole 29 pM; and oxidising agent 
8 x 1W6 g equiv.). The same changes were seen as 
during the enzyme reaction. It was concluded that 
carbimazole was being oxidised in the course of the 
enzymatic oxygenation. Similar changes were 
observed with the other compounds at analogous 
concentrations, although, since they are weaker 
electron donors than carbimazole, the reactions 
were slower. 
3.3. Chromatographic analysis of the reaction 
products 
Reaction of 200 FM linoleic or arachidonic acid 
and 37 nM soybean lipoxygenase in phosphate 
buffer (pH 7.4) was studied alone or in the 
presence of 1 I6 FM carbimazofe. 
After 3 min incubation the reaction was stopped 
by the addition of 3 N HCl. The reaction products 
were extracted into diethyl ether. The ether layer 
was separated and evaporated to dryness under 
nitrogen. The residue was taken up in 100~1 
ethanol. 2~1 aliquots were placed on the silicon- 
ized plates and run in heptane-methylformate-di- 
ethyl ether-acetic acid (65 :20: 10~2, v/v) over 
8 cm. 
In the control experiment (no carbim~oIe~~ 
the hydro~roxides (IS-HPETE; lZHPETE, 
I I -HPETE for arachidonic acid) were detected. In 
the presence of carbimazole all the hydroperoxides 
were reduced to the hydroxylated derivatives 
(I%HETE, 12-HETE, Il-HETE; figSI, and the 
amount of fatty acid remaining at the end of the 
reaction was less. Carbimazole was also found to 
migrate differently, which could be a result of ox- 
idation. 
4. DISCUSSION 
CarbimazoIe is the most active of the antith~oid 
agents and is the strongest dectron donor with 
respect to iodine f13f. It was the compound we 
tested that had the greatest effect on the kinetics of 
Garbimarole 
F&S, Thin layer chromatography on sificonized plates 
run in heptane methylformate-d~ethy1 ether-acetic acid 
(65 : 20: IO: 2, v/v). Lanes: I 1 arachidonic acid f soy- 
bean lipoxygenase + carbimazole; 2, arachidonic acid 
+ carbimazole; 3, arachidonic acid + soybean lipoxy- 
genase; 4, soybean Iipoxygenase + phosphate buffer 
(pH 7.4) + carbimazole. 
the oxidation reaction of unsaturated fatty acids 
by soybean lipoxygenase. It acted both on the af- 
finity of the enzyme for the substrate (reduced Km) 
and on the reaction products (the hydroperoxides). 
It is suggested that the enzyme-oxidized sub- 
strate complex described by Smith and Lands [4] is 
altered, and that the enzyme is thus protected by 
carbimazole at the start of the reaction, hence ex- 
plaining the increase in initial reaction velocity. As 
the reaction proceeds, carbimazole is progressively 
oxidized and loses it protective capacity, 
Thin layer chromatography confirmed that the 
hydroperoxides formed by the enzymatic reaction 
were in fact converted to the corresponding 
hydroxylated derivatives of the unsaturated fatty 
acids. 
Since most molecules having an action on soy- 
bean lipoxygenase would also have effects on 
mammalian lipoxygenases 1141, it is suggested that 
these imidazole derivatives, which are used in the 
treatment of thyroid disorders, could act on poly- 
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unsaturated fatty acid metabolism, via the lipoxy- 
genase pathway. Moreover, these results could 
suggest an action on the other enzymes, such as the 
cycloxygenase. 
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